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Objective: Bazhen Decoction (BZD) is a common adjuvant therapy drug for

colorectal cancer (CRC), although its anti-tumor mechanism is unknown. This

study aims to explore the core components, key targets, and potential

mechanisms of BZD treatment for CRC.

Methods: The Traditional Chinese Medicine Systems Pharmacology (TCMSP)

was employed to acquire the BZD’s active ingredient and targets. Meanwhile, the

Drugbank, Therapeutic Target Database (TTD), DisGeNET, and GeneCards

databases were used to retrieve pertinent targets for CRC. The Venn plot was

used to obtain intersection targets. Cytoscape software was used to construct an

“herb-ingredient-target” network and identify core targets. GO and KEGG

pathway enrichment analyses were conducted using R language software.

Molecular docking of key ingredients and core targets of drugs was

accomplished using PyMol and Autodock Vina software. Cell and animal

research confirmed Bazhen Decoction efficacy and mechanism in treating

colorectal cancer.

Results: BZD comprises 173 effective active ingredients. Using four databases,

761 targets related to CRC were identified. The intersection of BZD and CRC

yielded 98 targets, which were utilized to construct the “herb-ingredient-target”

network. The four key effector components with the most targets were

quercetin, kaempferol, licochalcone A, and naringenin. Protein-protein
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interaction (PPI) analysis revealed that the core targets of BZD in treating CRC

were AKT1, MYC, CASP3, ESR1, EGFR, HIF-1A, VEGFR, JUN, INS, and STAT3. The

findings from molecular docking suggest that the core ingredient exhibits

favorable binding potential with the core target. Furthermore, the GO and

KEGG enrichment analysis demonstrates that BZD can modulate multiple

signaling pathways related to CRC, like the T cell receptor, PI3K-Akt, apoptosis,

P53, and VEGF signaling pathway. In vitro, studies have shown that BZD dose-

dependently inhibits colon cancer cell growth and invasion and promotes

apoptosis. Animal experiments have shown that BZD treatment can reverse

abnormal expression of PI3K, AKT, MYC, EGFR, HIF-1A, VEGFR, JUN, STAT3,

CASP3, and TP53 genes. BZD also increases the ratio of CD4+ T cells to CD8+ T

cells in the spleen and tumor tissues, boosting IFN-g expression, essential for

anti-tumor immunity. Furthermore, BZD has the potential to downregulate the

PD-1 expression on T cell surfaces, indicating its ability to effectively restore T cell

function by inhibiting immune checkpoints. The results of HE staining suggest

that BZD exhibits favorable safety profiles.

Conclusion: BZD treats CRC through multiple components, targets, and

metabolic pathways. BZD can reverse the abnormal expression of genes such

as PI3K, AKT, MYC, EGFR, HIF-1A, VEGFR, JUN, STAT3, CASP3, and TP53, and

suppresses the progression of colorectal cancer by regulating signaling pathways

such as PI3K-AKT, P53, and VEGF. Furthermore, BZD can increase the number of

T cells and promote T cell activation in tumor-bearing mice, enhancing the

immune function against colorectal cancer. Among them, quercetin,

kaempferol, licochalcone A, naringenin, and formaronetin are more highly

predictive components related to the T cell activation in colorectal cancer

mice. This study is of great significance for the development of novel anti-

cancer drugs. It highlights the importance of network pharmacology-based

approaches in studying complex traditional Chinese medicine formulations.
KEYWORDS

Bazhen detection, colored cancer, network pharmacology, molecular docking,
tumor immunity
1 Introduction

CRC is the third most commonmalignant tumor and the second

leading cause of cancer deaths worldwide. It accounts for 10% of

cancer incidence and 9% of deaths (1). Despite the steady

advancements in screening, diagnosis, and treatment of CRC in

recent years (2–4), the CRC patients’ prognosis remains bleak due to

the absence of early detection, frequent metastasis, and recurrence.

CRC remains a global health issue. Traditional Chinese medicine,

together with surgery, chemotherapy, radiotherapy, immunotherapy,

and targeted therapy, can treat colorectal cancer, according to a

recent pharmacological study. It has been found to effectively impede

cancer progression and enhance the quality of life of cancer patients

(5–7). As a valuable and rich source for advancing modern

pharmacology, traditional Chinese medicine plays a distinctive role

in mitigating adverse reactions in tumor treatment, reducing the

likelihood of recurrence, and enhancing patients’ quality of life (8, 9).
02
Traditional Chinese medicine has several advantages in treating

tumors, like multi-ingredient, multi-target, and low drug

resistance. Additionally, it has demonstrated promising outcomes

in treating CRC (10). Due to its multi-ingredient and multi-target

nature, traditional Chinese medicine has complex interactions across

its targets, resulting in confusing molecular mechanisms and a gap

between basic research and therapeutic applications. Consequently,

addressing this issue has emerged as a pressing imperative for

advancing traditional Chinese medicine.

Network pharmacology integrates bioinformatics, systems

biology, and pharmacology to reveal the complex relationship

between traditional Chinese medicine and disorders. It also follows

the holistic and comprehensive concepts of Traditional Chinese

Medicine (11, 12). Network pharmacology has updated the “one

target, one drug” model to the “multi-component, multi-target”

model, elucidating complex interactions between drugs and disease-

related targets from a network perspective, providing a possibility for
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us to systematically study the relationship between traditional Chinese

medicine and diseases (13, 14). Molecular docking simulates atomic-

level interactions between small molecule compounds and protein

targets, predicts ligand and receptor conformations, and calculates

affinity to evaluate the combination. This technology is both low-cost

and accurate and is primarily employed for drug design and

elucidation of biochemical pathways (15). In recent years, network

pharmacology and molecular docking technology have been

extensively researched to identify active compounds and

mechanisms of action in Chinese medicine (16, 17).

Traditional Chinesemedicine considers the “spleen” an essential

organ that digests and absorbs food. According tomodernmedicine,

the stomach, small intestine, large intestine, and pancreas depend on

the spleen. Traditional Chinese medicine theory also posits that each

internal organ possesses its unique “qi,” with the spleen serving as

the primary “qi” generation source. Qi is a fundamental substance

that sustains the vital functions of the human body, augmenting

immune defense and physiological processes. Spleen weakness

reduces qi product ion, which impairs digest ion and

gastrointestinal tract immunity. Unhealthy dietary practices can

generate “dampness toxins” that impair the spleen, resulting in

reduced gas production, compromised intestinal immune function,

and eventual cancer development (18). Hence, CRC pathogenesis is

primarily attributed to spleen deficiency and qi deficiency. BZD,

derived from the “Experience Formula of Rui Zhu Decoction,” is a

classic formula with more than 700 years of history. It includes

ginseng, Atractylodes macrocephala, Poria cocos, Angelica sinensis,

Chuanxiong, Paeonia lactiflora, Rehmannia glutinosa, and licorice,

and is known for its ability to nourish qi and blood. Qi and blood

deficit caused by a post-disease imbalance or excessive blood loss are

treated with it. According to a study, BZD improves immune

function and bone marrow hematopoietic function 0 (19, 20).

Recently, it has been extensively employed in immunizing diverse

malignant tumors and as adjuvant therapy for radiotherapy and

chemotherapy, resulting in favorable clinical outcomes. BZD has the

potential to augment the immune function of cancer patients (21–

23), mitigate the toxic side effects of chemotherapy drugs (24, 25),

and enhance patient prognosis (26, 27). BZD treats several cancers,

including CRC, gastric lung, breast, cervical cancer, and acute

lymphoblastic leukemia (27–32). Xu et al.’s clinical investigations

have demonstrated that the combination of BZD and capecitabine,

as opposed to capecitabine monotherapy, can decrease the

likelihood of disease progression in elderly patients with advanced

CRC, provide superior survival advantages, and reduce the incidence

of chemotherapy-related adverse reactions, thereby significantly

facilitating patients’ fatigue and gastrointestinal symptoms (33).

Zhou et al. also revealed that combining BZD and chemotherapy

can improve advanced colon cancer treatment and survival

outcomes (34). BZD’s mechanism in treating CRC is unknown. A

better understanding of the regulatory role of herbs in cancer will

provide new avenues for cancer treatment.

This study employed network pharmacology study examined

BZD’s active components, targets, and mechanism of action in CRC

treatment. The predictions were subsequently validated through

molecular docking and in vitro and in vivo experimental studies.

Additionally, a target network was established to elucidate the
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interaction between drug ingredients and diseases, thereby

providing a foundation for comprehending the mechanism of

action of BZD in treating CRC. The study’s methodology is

depicted in Figure 1.
2 Materials and methods

2.1 Collection of effective ingredients and
targets of BZD

The TCMSP database (https://tcmspw.com/tcmsp.php) was

used to find the chemical components of various drugs in BZD.

This study selected the criteria of oral bioavailability (OB) ≥ 20%

and drug-likeness (DL) ≥ 0.1 as effective ingredient screening

conditions (35). The active drugs’ target proteins were matched

with TCMID and DrugBank databases, and then these target

proteins were standardized to human species genes through the

UniProt database.
2.2 Collection of CRC targets

The targets for colorectal cancer (CRC) were obtained from four

databases, namely Drugbank (https://go.drugbank.com/) (36),

GeneCards (https://genecards.weizmann.ac.il/v3/) (37), TTD

(https://db.idrblab.net/ttd/) (38), and Dis-GeNET (https://

www.disgenet.org/) (39). The search results from these databases

were integrated, and any duplicate targets were eliminated.
2.3 Intersection target and construction of
“herb-ingredient-target” network

The BZD and CRC intersection target was obtained using R

language version 4.2.1. Integrate herbs, active ingredients, and

intersection targets into Cytoscape 3.8.0 to construct a “herb-

ingredient-target” network (40).
2.4 Analysis of protein-protein interaction

Intersection target of BZD and CRC input to STRING database

(https://string-db.org/), select protein interaction data with a

confidence level (score>0.4), and save it in a TSV format file. The

information of node1, node2, and combination scores was imported

from the file into Cytoscape software to construct a PPI network

and screened hub genes through the cytohub plugin. The R

language version 4.2.1 be used to draw Sangi diagrams of drugs,

core components, and central genes.
2.5 GO and KEGG enrichment analysis

The “ClusterProfiler” package was employed to conduct GO

and KEGG enrichment analysis on intersecting targets. The
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visualization of the enrichment analysis outcomes was

accomplished by the “ggplot2” package, while the R language

version 4.2.1 was utilized to generate the bubble chart.
2.6 Molecular docking

The key ingredient’s 3D structural files in SDF format were

obtained from the PubChem database and converted to PDB format

using Open Babel. The 3D crystal structure of the hub gene was also

obtained from the PDB database (https://www.pdbus.org/) and

processed by removing ions and water molecules through PyMol

2.4.0 (41), resulting in PDB files. The essential ingredients and core

targets were translated to PDBQT format to find the active pocket.
Frontiers in Immunology 04
Finally, molecular docking simulation was conducted using

Autodock Vina software and visualized using PyMol 2.4.0.
2.7 Preparation of BZD
freeze-dried powder

BZD comprises ginseng, atractylodes macrocephala, poria

cocos, licorice, chuanxiong, paeonia lactiflora, rehmannia

glutinosa, and angelica sinensis (Tongren Tang Pharmacy,

Beijing, China) at a dose ratio of 1:1:1:1:1:1:1:1 as per the

Orthodox Tradition of Medicine. Production method: We placed

the above medicinal herbs in pure water, covered the top of the

herbs with pure water, soaked them for 1 h, boiled them for 40 min,
FIGURE 1

The flowchart of this study.
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and then poured out the liquid. Then we added pure water, which

still needed to cover the top of the herb, and boiled directly. After 30

min boiling, we poured out the liquid. Then two types of water

extracts were mixed and filtered with gauze. The supernatant was

concentrated to 300 mL by a rotary evaporator. Freeze the

supernatant overnight at -80°C. The freeze-dried product was

freeze-dried to produce 51g of powder. In in vitro experiments,

we dissolved BZD powder in the required concentration of culture

medium. The negative control used a culture medium without BZD.

In animal experiments, BZD was administered orally to mice.
2.8 Cell culture

The CRC cell lines, namely HCT116, SW620, and MC38, were

procured from Procell Life Science&Technology Co., Ltd. (Procell,

Wuhan, China). The SW620 and MC38 cell lines were cultured in

DMEM medium (Gibco, USA) enhanced with 10% fetal bovine

serum (FBS) and 1% antibiotics (100 U/mL penicillin and 100 mG/
mL streptomycin). HCT116 was maintained in RPMI-1640

medium supplemented with 10% FBS (Gibco, USA) and 1%

penicillin/streptomycin (Gibco).
2.9 Cell proliferation detection

The BZD’s inhibitory effect on human CRC cells was assessed

using CCK-8 (Dojindo, Kumamoto, Japan) reagent. 5000 HCT116

and SW620 cells were seeded per well in a 96-well plate. The cells

are treated with BZD or cell culture medium without BZD for 12,

24, or 48 hours after adhering to the wall. Following treatment, the

tumor cells were washed twice with PBS and incubated with a 1:10

diluted CCK-8 reagent in a serum-free medium. After a 2-h

incubation at 37 °C, 100 uL of the diluted CCK-8 reagent was

added to each well of the cell culture plate. The absorbance of the

cells at 450 nm was observed at three experimental nodes.
2.10 Cell invasion detection

Cell invasion experiments were performed utilizing a 24-well

Transwell plate (Corning, USA). HCT116 and SW620 cells were

added to the Transwell chamber with a pore size of 0.8 mm
(BioCoat, 354480), and the invasiveness of the cells was assessed.

Briefly, 600 mL of complete culture media with 10% FBS was applied

to each lower chamber well of the 24-well plate. Subsequently, 2 ×

105 cells were treated with 100 mL of resuspended serum-free

culture medium containing varying BZD concentrations (0, 1, 2,

and 4 mg/mL). They were then inoculated in the upper chamber

and cultured in a cell incubator. After 24 h of cultivation, gently

wipe the non-metastatic cells in the upper compartment with a

damp cotton swab. Fixed the cells invading the lower lumen with a

4% paraformaldehyde solution for 30 min and then stained with a
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0.1% crystal violet solution for 20 min. Subsequently, photos were

taken using a microscope and statistically analyzed.
2.11 Cell apoptosis detection

BZD’s effect on colorectal cancer cell apoptosis was examined

using flow cytometry. Logarithmic growth stageHCT116 and SW620

cells were seeded in a 6-well plate at a density of 2 × 105 cells per well.

Following cell adhesion, varying concentrations of Bazhen decoction

(0, 1, 2, and 4mg/mL) were administered for intervention. After 24 h,

cells were harvested following the instructions of the membrane-

associated protein V-APC/7-AAD cell apoptosis kit (Elabscience, E-

CK-A218) and analyzed by flow cytometry within 30 min.
2.12 Animal experiments

Female C57BL/6 mice aged 4–6 weeks were obtained from SPF

(Beijing) Biotechnology Co., Ltd. and maintained in an SPF

environment . Fol lowing a week of adapt ive feeding,

subcutaneously injected 100 mL of MC38 cell suspension with 1 ×

106 cells into the right side of each mouse. The experiment

commenced on the 7th day after tumor inoculation, when the

tumor volume reached approximately 100 mm3. The mice were

randomly allocated into two groups: the control group received daily

gavage of sterile water (200 µL), and the BZD group received daily

BZD (200 µL, 6.63 g/kg) for three weeks. The daily dose of BZD was

determined based on the average adult body weight of 70 kg and a

conversion coefficient 9.1 between humans and mice (42, 43). If the

clinical drug dose for a 70 kg adult is X mg/kg, then the dosage for a

20 g mouse would be X mg/kg × 70 kg/0.02 kg × 0.0026. Since the

clinical use of BZD for adults is 1 pair/day (51 g freeze-dried powder),

the drug dose for a 70 kg adult would be about 728.6 mg/kg. By the

above formula, the daily dosage for mice can be calculated as 6.63 g/

kg, and the dosage of BZD for a 20 gmouse is 132.6mg per day, with a

gavage volume of 0.2 mL. Therefore, 663 mg/mL of sterile water was

prepared to administer BZD. The tumor size wasmeasured every two

days using a digital caliper, and the tumor volume was calculated

using the formula: tumor volume (mm3) = length × width × width ×

width × 0.52. Kaplan Meier survival curves were plotted after three

weeks. Themice were euthanized, and their heart, liver, spleen, lungs,

kidneys, and tumor tissues were collected for study. All experimental

procedures were authorized by the Animal Ethics Committee of

Beijing Shijitan Hospital, Affiliated with Capital Medical University

(The ethical approval permit numbers are SJTKY11-1X-2021(59)).
2.13 Quantitative real-time polymerase
chain reaction

The total RNA was extracted from the mice tumor tissues in the

control and the Ba Zhen Decoction group using TRIzol reagent. The
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RNA was then converted into cDNA using TransScript first-strand

cDNA synthesis SuperMix (TransGen Biotech, AT301). Then, qRT-

PCR was performed using SYBR Green Master Mix (Applied

Biosystems, USA). All primers employed for PCR amplification

were designed using the NCBI Primer-BLAST and bought from

Beijing Liuhe Huada Gene Technology Co., Ltd. The primer

sequences are shown in Table 1. The GAPDH gene expression

was determined simultaneously as an internal control. The relative

gene expression was determined using the 2-DDCT method. All

samples were run in triplicate. Each primer pair’s specificity was

validated by computer analysis (NCBI primer BLAST) and melt

curve analysis after qPCR amplification.
2.14 T lymphocyte activation

To analyze T cell activation and immune cell phenotype, the

spleen of MC38 tumor-bearing mice was taken, minced, and ground

in a 40-µm cell strainer. Then, the single-cell suspension was

collected by filling it with staining buffer (PBS containing 3% FBS).

Cell surface staining was performed by staining the single-cell

suspension with APC-Cy7 anti-mouse CD45, FITC anti-mouse

CD3, PerCP-Cy5.5 anti-mouse CD4, PE-Cy7 anti-mouse CD8, and

BV421 anti-mouse PD-1 antibodies at room temperature for 30

minutes, followed by detection using a flow cytometer. For

intracellular staining of the T cell cytokine IFN-g, the filtered cell

suspension was stimulated with Cell Activation Cocktail (BioLegend,

423303) for 6 h. Then the cells were collected and stained for surface

markers (44–48). Fixation Buffer (BioLegend, 420801) fixed the cells

at room temperature for 20–30 min. After two washes with 1X

Permeabilization Buffer (BioLegend, 421002), the cells were stained

with APC anti-mouse IFN- g for 20 min. After washing the samples

with a staining buffer, they were detected using a flow cytometer. The

data were analyzed and visualized using FlowJo software.
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2.15 Pathological and
immunohistochemical testing

To assess the BZD’s safety, tissue samples from mice’s heart,

liver, spleen, lungs, and kidneys were procured, embedded in

paraffin, sectioned, and subjected to hematoxylin and eosin

(H&E) staining. Additionally, tumor samples from each mice

group were obtained, embedded in paraffin, sectioned, and

subjected to immunohistochemical testing by CD3, CD4, CD8,

and Ki67 antibodies. Image-Pro was used to calculate each picture’s

integrated optical density (IOD) and area. Mean density (IOD/area)

was used to analyze protein expression.
2.16 Statistical analysis

The statistical analysis of the data was performed using

GraphPad Prism software V9.0. The t-tests were utilized to

measure the differences between the two groups, while the one-

way analysis of variance (ANOVA) was employed to evaluate the

comparisons between the groups. The experimental data was

presented as mean ± standard deviation, with a statistical

significance level of p<0.05. The differences were denoted as ns, P

> 0.05,* p ≤ 0.05, ** p ≤ 0.01, and *** p ≤ 0.001.
3 Results

3.1 Active ingredients screening

The TCMSP database provided the drug’s active components

using ADME screening conditions. The database yielded 69

ginseng, 19 atractylodes macrocephala, 19 poria cocos, 11 angelica

sinensis, 35 ligusticum chuanxiong, 28 paeonia lactiflora, 24
TABLE 1 Sequences of PCR primers.

Gene symbol Accession number Forward primer (5′–3′) Reverse primer (5′–3′) Amplicon size

Gapdh NM_001289726.2 AGGTCGGTGTGAACGGATTTG TGTAGACCATGTAGTTGAGGTCA 147

Pik3r1 NM_001024955.2 TGGACTATGGAAGACCTGGACTTAGAG TTGTTGTTCATGCTGTTGTTGGCTAC 149

Akt1 NM_001165894.2 ATGAACGACGTAGCCATTGTG TTGTAGCCAATAAAGGTGCCAT 116

Myc NM_001177352.1 CCCTATTTCATCTGCGACGAG GAGAAGGACGTAGCGACCG 185

Casp3 NM_001284409.1 ATGGAGAACAACAAAACCTCAGT TTGCTCCCATGTATGGTCTTTAC 74

Esr1 NM_001302531.1 CCCGCCTTCTACAGGTCTAAT CTTTCTCGTTACTGCTGGACAG 76

Egfr NM_007912.4 GCCATCTGGGCCAAAGATACC GTCTTCGCATGAATAGGCCAAT 101

Hif1a NM_001313919.2 CCACAACTGCCACCACTGATGAA TGCCACTGTATGCTGATGCCTTAG 138

Vegfa NM_001025250.3 GCACATAGAGAGAATGAGCTTCC CTCCGCTCTGAACAAGGCT 105

Jun NM_010591.2 TTCCTCCAGTCCGAGAGCG TGAGAAGGTCCGAGTTCTTGG 133

Stat3 NM_011486.5 GCTTGGGCATCAATCCTGTGGTAT GCTTGGTGGTGGACGAGAACTG 136

Trp53 NM_001127233.1 CACAGCACATGACGGAGGTC TCCTTCCACCCGGATAAGATG 101
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rehmannia glutinosa, and 126 glycyrrhiza uralensis ingredients. The

database also provided 258 ingredient target genes.
3.2 CRC targets acquisition

Briefly, 104, 77, 390, and 353 targets were obtained from TTD,

Drugbank, GeneCards, and DisGeNET databases, respectively.

After merging and removing duplicates of disease targets from

the four databases, 761 colorectal cancer-related targets were

retained (Figure 2A).
3.3 “Herb-ingredient-target”
network construction

The BZD’s component action targets were intersected with

targets correlated to colorectal cancer, identifying 98 intersecting

targets (Figure 2B). Subsequently, 173 effective ingredients, 98 cross

targets, and individual drug names that BZD can act on colorectal

cancer targets were imported into Cytoscape 3.8.0 to construct a

“herbal- ingredient -target” network (Figure 3).

Nodes with greater degree values may be essential in a network.

Quercetin displays the highest number of targets, encompassing 73

potential targets, followed by kaempferol, licorice ketone, and

naringin, with 22, 16, and 15 targets, respectively. BZD’s key

ingredients may be these active compounds with more targets.

Table 2 presents the top 10 active ingredients in the degree ranking.
3.4 Protein-protein interaction analysis of
intersection targets

Ninety-eight intersection targets of BZD and CRC were

imported into the STRING 11.0 database (https://www.string-

db.org/) for analysis, acquiring a PPI network of intersection

targets between BZD and CRC. The network comprises 98 nodes

and 1835 edges. Nodes indicate intersecting targets, while edges

express associations between them. Cytoscape 3.8.0 was employed
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to present the PPI network diagram (Figure 4A), while the

Cytohubba plugin was utilized to compute the target set for

further refinement of the core targets. The top 10 hub genes in

degree ranking, AKT1, MYC, CASP3, ESR1, EGFR, HIF1A,

VEGFA, JUN, INS, and STAT3, were identified (Figures 4B, C).

The Sankey diagram also showed the link between BZD, the four

basic components, and the ten core genes (Figure 4D).
3.5 GO and KEGG enrichment analysis of
intersecting targets

The key biological functions of BZD in treating CRC were

determined by utilizing GO and KEGG enrichment analysis. The

bubble plots of the top 10 biological processes (BP), cellular

composition (CC), and molecular function (MF) in GO analysis are

presented in Figures 5A-C. The biological processes focus on cell death

signals and oxidative stress responses. In contrast, the cellular

composition changes are mostly related to membrane rafts,

membrane microregions, and cyclin-dependent protein kinase

holoenzyme complexes. The MF modifications primarily focused on

binding with ubiquitin-like protein ligase, RNA polymerase II

transcription factor, ubiquitin protein connexin, and protein

phosphatase. Through KEGG pathway enrichment analysis, 165

signal pathways were identified. The KEGG enrichment analysis

indicates that the PI3K-AKT, T cell receptor, P53, and VEGF

signaling pathways could potentially serve as crucial pathways for

treating colorectal cancer with BZD, as illustrated in Figure 5D.
3.6 Molecular docking

Molecular docking was performed on four core ingredients

(quercetin, naringenin, licochalcone A, kaempferol) and 10 hub

genes (AKT1, CASP3, EGFR, ESR1, HIF1A, INS, JUN, MYC,

STAT3, and VEGFR) to assess the protein-ligand binding potential.

Affinity refers to the capacity of a ligand to bind with receptors, and a

higher absolute affinity value indicates a stronger binding ability (with

a negative value). Figure 6 illustrates the binding energy of the core
BA

FIGURE 2

Intersection Target of CRC and Ingredient Action Target of BZD with CRC. (A) Venn diagram displaying CRC-related targets among the four
databases. (B) Venn diagram of the intersection target of BZD and CRC.
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ingredients docked with the hub genes. The findings indicate that

quercetin exhibits favorable docking effects with ESR1, HIF-1A, JUN,

and STAT3, with respective binding energies of -8.5, -8.0, -8.2, and -8.2
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kcal/mol. Naringenin’s binding energies of -8.8 and -8.2 kcal/mol with

ESR1 and JUN are favorable.

Similarly,Kaempferol demonstrates a favorable docking effect with

HIF-1A, STAT3, ESR1, and JUN, with corresponding binding energies

of -8.0 kcal/mol, -8.0 kcal/mol, -8.2 kcal/mol, and -8.1 kcal/mol,

respectively. The molecular docking models are depicted in a 3D

diagram using PyMol 2.4.0. Figure 7 illustrates the interactions

between quercetin and ESR1, HIF-1A, JUN, and STAT3. Figure 8

showcases the interactions between naringin and ESR1, JUN, and the

interaction between kaempferol and HIF-1A and STAT3.
3.7 In a time- and dose-dependent
manner, BZD suppresses the proliferation
and invasion of CRC cells while facilitating
their apoptosis

CCK-8 assaysmeasured the proliferation of CRC cell linesHCT116

and SW620 treated with different BZD doses. Ten concentration

gradients were used, which are 0, 0.125, 0.25, 0.5, 1, 2, 4, 8, 16, and

32 mg/mL. The findings indicate that BZD effectively suppressed the
TABLE 2 The top ten ingredients in the herbal ingredient CRC target
network.

Mol ID Degree Molecule name

MOL000098 73 quercetin

MOL000422 22 kaempferol

MOL000497 16 licochalcone A

MOL004328 15 naringenin

MOL000354 13 isorhamnetin

MOL004966 13 3’-Hydroxy-4’-O-Methylglabridin

MOL002135 12 Myricanone

MOL001789 12 isoliquiritigenin

MOL000392 12 formononetin

MOL004828 12 Glepidotin A
FIGURE 3

The “herbal-ingredient-target” network of BZD in treating CRC.
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CRC cells’ activity in a dose- and time-dependentmanner, as illustrated

in Figure 9A.

Furthermore, the impact of varying concentrations (0, 1, 2, 4

mg/mL) of BZD on the invasion capacity and apoptotic rate of the

two CRC cell lines was assessed. The findings indicated that BZD

exhibited a dose-dependent suppression of CRC cell invasion

(Figure 9B) and promoted apoptosis of CRC cells (Figure 10).
3.8 BZD inhibits tumor progression in mice

An MC38 tumor-bearing mouse model was created to test

BZD’s CRC treatment efficacy. Figure 11A shows the mice’s
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experimental protocol. Following three weeks of consistent oral

administration of BZD, a noteworthy reduction in subcutaneous

tumor volume was observed in the BZD group compared to the

sterile water group (p ≤ 0.001; Figure 11B), as illustrated by the

tumor volume curve in Figure 11C. After 21 days, the control group

had a mean tumor size of 1703.15 mm3, while the BZD group had

760.94 mm3 (Figure 11D). On day 28, the mice were humanely

euthanized to obtain the tumor. The average tumor weights for the

control and BZD groups were 2.32 and 1.13 g, respectively

(Figure 11E). H&E staining of the heart, liver, spleen, lungs, and

kidneys showed no significant differences between experimental

groups (Figure 12), demonstrating that BZD is non-toxic and does

not damage tissue. Consequently, the BZD intragastric
B

C

D

A

FIGURE 4

PPI analysis of the intersection target between BZD and CRC. (A) PPI interaction network between BZD and the intersection target of CRC.
(B, C) The top 10 core genes were obtained from PPI network analysis. (D) The Sankey diagram reveals the relationship between BZD, core
ingredients, and central genes.
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administration effectively suppressed the development of

subcutaneous tumors in MC38 mice.
3.9 The effect of BZD on key genes and
KEGG pathway-related genes

To test whether BZD can prevent colorectal cancer growth by

altering the core genes in the network pharmacology analysis results

and the KEGG enrichment pathway-related genes, RT-qPCR was

used to measure target protein mRNA expression levels in tumor

tissues of NC and BZD groupmice. The BZD group had significantly

lower Pik3r1, Akt1, Myc, Esr1, Egfr, Hif1a, Vegfa, Jun, and Stat3

mRNA expression levels than the NC group, according to PCR data.

Compared to theNC group, the expression levels of Casp3 andTrp53
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in the BZD group were significantly increased. There was no

difference in the mRNA expression levels of Esr1 between the NC

and BZT groups’ tumor tissues (Figure 13). Network pharmacology

analysis results show that BZD can prevent colorectal cancer

progression by acting on critical core genes and KEGG enrichment

pathways. Moreover, these core genes (Pik3r1, Akt1, Myc, Egfr,

Hif1a, Vegfr, Jun, and Stat3) are closely related to the tumor

immune microenvironment, exclusively T cell immune function.
3.10 BZD induces T cell activation in
tumor-bearing mice

BZD, a traditional formula in the “Fuzheng Guben” treatment

principle, can supplement qi, nourish the blood, and enhance the
B

C D

A

FIGURE 5

GO, and KEGG analysis determine the key biological processes of BZD in treating CRC. (A–C) GO enrichment analysis results in biological processes
(BP), cellular ingredients (CC), and molecular functions (MF). (D) KEGG enrichment analysis results.
FIGURE 6

Heatmap of the binding energy of molecular docking between 4 core ingredients and 10 core targets.
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immune system. To clarify the mechanism of the BZD anti-tumor

effect, we conducted a flow cytometric analysis of spleen tissues from

two groups of mice. The results showed that compared to the control

group, BZD increased the proportion of CD3+CD4+ andCD3+CD8+ T

cells in the spleen (Figures 14A, B, G) and decreased the proportion of

exhausted T cells (CD4+PD-1+ and CD8+PD-1+T cells) in the spleen

(Figures 14C, D, H). Furthermore, BZD promoted the activation of

CD4+ andCD8+T cells in the spleen and increased the level of IFN-g in
the body (Figures 14E, F, I). These data imply that BZD can reduce the

number of exhausted T cells in the spleen of tumor-bearing mice and

upregulate IFN-g to elicit an anti-tumor immune response by

infiltrating and activating effector T cells.
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3.11 BZD promotes T-cell infiltration in
tumor tissue of tumor-bearing mice

To further explore the BZD effects on the tumor

microenvironment, we performed immunohistochemical staining

on the tumor tissues of two groups of mice. In mice’s tumor tissues,

the BZD group had more CD3+, CD4+, and CD8+ T cells than the

control group. Moreover, the Ki67 staining in the control group was

enhanced, indicating that BZD inhibited tumor cell proliferation

(Figure 15). The results indicate that BZD can promote T cell

infiltration in tumor tissues, enhance anti-tumor immune response,

and suppress colorectal cancer progression.
B
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A

FIGURE 7

Molecular docking model 3D diagram. Quercetin binds to ESR1 (A), HIF-1A (B), JUN (C), and STAT3 (D).
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4 Discussion

CRC accounts for 10% of all cancer cases, ranking third in men

and second in women (49, 50). In 2020, there were an estimated 1.9

million new cases and 900,000 deaths globally, rendering it the

second leading cause of cancer-related deaths. CRC incidence,

mortality, and healthcare services are global public health issues

(51). At the time of diagnosis, approximately 20% of CRC patients

have already experienced metastasis, and 50% of early-stage patients

will eventually develop metastasis (52). Locally advanced rectal and

metastatic colorectal cancer (CRC) patients have a poor long-term

prognosis, and CRC treatment remains difficult (53). Current
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treatment modalities involve a multimodal approach, including

surgery, radiotherapy, and chemotherapy. However, despite these

interventions, recurrence, and metastasis rates remain high.

Traditional Chinese medicine has a long history of effectiveness

in treating complicated ailments like severe infectious diseases,

cardiovascular diseases, and malignant tumors. Traditional

Chinese medicine’s characteristics encompass many ingredients,

targets, and synergistic effects. Inducing cell apoptosis and

autophagy, inhibiting tumor cell proliferation, suppressing

epithelial-mesenchymal transition and angiogenesis, modulating

chemotherapy resistance, tumor metabolism, and tumor immune

regulation may treat colorectal cancer (54–56). In contrast to the
B
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FIGURE 8

Molecular docking model 3D diagram. Naringin binds to ESR1 (A) and JUN (B), while kaempferol binds to HIF-1A (C) and STAT3 (D).
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adverse effects associated with chemotherapy drugs, including bone

marrow suppression, reduced blood cell count, gastrointestinal

reactions, liver function impairment, and alopecia, the use of

traditional Chinese medicine for treating colorectal cancer

exhibits a lower incidence of side effects and drug resistance

(57, 58).

BZD, a classic formula utilized in the treatment principle of

“Fuzheng Guben,” has been observed to possess the ability to
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nourish qi and blood. Clinical studies have demonstrated its

efficacy in treating various solid tumors. BZD’s mechanism in

CRC treatment is unknown. This study is the first to employ

network pharmacology and molecular docking to anticipate the

core components, core targets, and likely mechanisms of BZD in

colorectal cancer treatment. Subsequently, the in vitro anticancer

effect of BZD was validated using two human colorectal cancer cell

lines (HCT116 and SW620). Subsequently, we proceeded to validate
B

A

FIGURE 9

BZD inhibits the proliferation and invasion of colon cancer cells in a dose-dependent manner. (A) HCT116 and SW620 cells were subjected to 10
concentration gradients of BZD for 12, 24, and 48 h, and the resulting cell viability was assessed using CCK8. (B) The invasiveness of HCT116 and SW620
cells was measured after exposure to four BZD concentration gradients for 24 h. ***P < 0.001.
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the BZD efficacy in inhibiting the progression of colorectal cancer

in vivo using the MC38 subcutaneous tumor mouse model. We used

qRT-PCR to assess gene expression changes in tumor tissues from

the control and BZD groups to understand the processes.

Additionally, we conducted flow cytometry analysis of the spleen

and immunohistochemistry of the tumor tissue to investigate

further the relevant mechanism of BZD in treating colorectal

cancer. Finally, we evaluated the BZD organ toxicity through

HE staining.

In this study, we screened each herb in BZD through ADME to

obtain active drug components. Additionally, 258 drug targets were

retrieved from databases. We obtained 761 targets correlated to

colorectal cancer from the TTD, Drugbank, GeneCards, and

DisGeNET databases. By intersecting the targets of drug

components with those of colorectal cancer, we obtained 98

overlapping targets. In the herb-ingredient-target network,

quercetin, kaempferol, licochalcone A, naringenin, isorhamnetin,

3 ‘- Hydroxy-4’ - O-Methylgabridin, Myricanone, isoliquiritigenin,

formonetin, and Glepidotin A have more therapeutic targets for

colorectal cancer than other ingredients; thus, they may be the core

effector components of BZD in treating colorectal cancer.

Quercetin, kaempferol, licochalcone A, naringenin, isorhamnetin,

myricanone, and isoliquiritigenin are flavonoid compounds, while

formononetin belongs to the isoflavone class. To fight cancer,

Quercetin regulates several biological processes, including cell

death, autophagy, angiogenesis, metastasis , cell cycle,

proliferation, and anti-tumor immune activation (59–64).
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Quercetin weakens the inhibitory effect of PD-L1 on T cells by

inhibiting the PD-1/PD-L1 interaction, promoting the CD8,

GZMB, and IFN-g expression in mouse tumor tissues, and

enhancing the anti-tumor immune response (65). Kaempferol is a

major flavonoid glycoside with multiple anti-cancer mechanisms

(66). It can cause G2/M phase arrest and block cell death in

colorectal cancer cells, preventing their proliferation (67).

Furthermore, kaempferol can enhance the anti-tumor immune

response, synergistically creating a favorable tumor immune

microenvironment with radiotherapy and chemotherapy (68).

Kaempferol can also enhance anti-tumor immune function by

targeting multiple immune-related molecules (69). Kaempferol

treatment effectively prevents the decrease of CD4+ T cells and

CD8+ T cells in mouse blood induced by cold stress (70).

Kaempferol increases NKT and CD8+ T cells and decreases

MDSC cells, preventing mouse tumor growth (71). Furthermore,

kaempferol is vital in overcoming 5-Fu resistance by inhibiting the

glycolysis process in resistant colorectal cancer cells (72).

Licochalcone A can inhibit the colorectal cancer cell line HCT116

proliferation by promoting G0/G1 phase arrest, cell apoptosis, and

high ROS production (73). Licochalcone A reduces DNA synthesis

dose-dependently, thereby inhibiting the mouse colon cancer cells’

CT-26 proliferation and alleviating liver and kidney function

damage caused by cisplatin treatment (74). LCA increases T cell

anti-tumor efficacy by decreasing PD-L1 expression (75).

Licochalcone A therapy can boost cytotoxic T lymphocyte activity

and kill tumor cells (76). Other studies have shown that
B C

A

FIGURE 10

BZD promotes apoptosis of colon cancer cells in a dose-dependent manner. (A) Flow cytometry revealing that BZD can dose-dependently induce
apoptosis in HCT116 and SW620 cells. (B, C) Histogram showing that BZD can induce apoptosis in HCT116 and SW620 cells in a dose-dependent
manner. **P < 0.01, ***P < 0.001.
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licochalcone A promotes T and B cell proliferation in mice’s spleen

and whole blood by activating the IL-17 signaling pathway and

improving cognitive ability (77). Naringenin can inhibit cancer

progression through various mechanisms, like inducing apoptosis,

cell cycle arrest, inhibiting angiogenesis, and modifying various

signaling pathways, including Wnt/b- Catenin, PI3K/Akt, NF- kB
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and TGF- b Pathway (78). Naringenin can enhance CD169

macrophages in lymph nodes of mice with oral squamous cell

carcinoma (OSCC) and suppress tumor growth through T-cell-

mediated anti-tumor immune activity (79). Moreover, in the mouse

colon adenocarcinoma model, Naringenin induced more CD103

DC to infiltrate the tumor, promoted the CD8+ T cell activation,
B C
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A

FIGURE 11

BZD inhibits tumor progression in MC38 tumor-bearing mice. (A) Schedule of MC38 tumor-bearing mouse model. (B) On the 28th day, images of
tumors in both groups of mice were obtained. (C) Curve plots of tumor volume change in two groups of tumors bearing mice. (D) Histograms of
tumor volume comparison between two groups of tumors bearing mice. (E) Histogram comparison of tumor weight between two groups of tumors
bearing mice. **P < 0.01, ***P < 0.001.
FIGURE 12

Organ toxicity of BZD. Two groups of mice were euthanized at the end of treatment, and their hearts, liver, spleen, lungs, and kidneys were removed
for H&E staining to evaluate organ toxicity (scale: 100 mm).
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and enhanced the performance of the E7 vaccine against TC-1

mouse cancer treatment (80). After breast cancer surgery,

naringenin therapy reduces lung metastases and extends mouse

life. Flow cytometry demonstrated that Naringenin-treated mice

had less regulatory T cells, activated CD8+ and CD4+ T cells, and

IFN-g. The secretion level of IL-2 has significantly increased (81).

Isorhamnetin can block the cell cycle, inhibit proliferation and

induce apoptosis by down-regulation of the Bcl-2 gene,

upregulation of the Bax gene, inhibition of telomere activity, and

reduction of related protein expression (82). Myristone induces

apoptosis in two types of cancer cells (HeLa and PC3) by activating

caspase and downregulating NF-KB and STAT3 signaling cascade

inhibits tumor cell proliferation (83). Myristone has a significant

dose-dependent sexual inhibition effect on human lung cancer cell

A549 and can promote the apoptosis of lung cancer cells (84).

Myristone causes HepG2 apoptosis through ROS generation,

mitochondrial membrane depolarization, early cytochrome c

release, HSP70 downregulation, and caspase cascade activation

(85). Isoliquiritigenin is a natural pigment with a simple Chalcone

structure, which can be separated from the root of licorice and is
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considered a potential Natural product. It is reported that

isoliquiritigenin has therapeutic potential for many cancer cell

lines, including leukemia, gastrointestinal, breast, colon, ovarian,

lung, and melanoma (86). Isoliquiritigenin mediates HIF-1 a
stability and inhibits the glycolysis of colorectal cancer cells,

thereby inhibiting the proliferation of colon cancer cells (87).

Isoliquiritigenin affects the metabolic pathways of tumor cells and

inhibits colorectal cancer growth by triggering cell cycle arrest,

apoptosis, and autophagy and altering tumor cell metabolism (86,

88). Formononetin is a common component in legumes,

particularly rich in Trifolium pratense L. and Astragalus

membranaceus. Formononetin can inhibit tumor cell proliferation

by inducing cell cycle arrest and induce cell apoptosis by regulating

Bax, Bcl-2, and caspase-3 proteins. Moreover, formononetin

inhibits cell invasion by regulating Vascular endothelial growth

factor (VEGF) and Fibroblast growth factor 2 (FGF2).

Anthocyanin’s anticancer properties can be enhanced by

synergistic effects with other chemotherapy drugs (89). Other

studies have shown that formononetin enhances T cells’ activity

and killing ability by inhibiting the PD-L1 expression on the cell
FIGURE 13

Effect of BZD on Key Genes and KEGG Pathway-Related Genes. Compared to NC group, mRNA expression levels of Pik3r1, Akt1, Myc, Esr1, Egfr,
Hif1a, Vegfa, Jun, and Stat3 in BZD group were significantly reduced, while the levels of Casp3 and Trp53 were significantly increased. There was no
significant difference in Esr1 expression between BZD and NC groups. ns: P > 0.05, **P < 0.01, ***P < 0.001.
frontiersin.org

https://doi.org/10.3389/fimmu.2023.1235575
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Lu et al. 10.3389/fimmu.2023.1235575
surface, thereby inhibiting tumor proliferation, angiogenesis,

migration, and invasion (90). However, there are no reports on

treating cancer with the two active ingredients, 3 ‘- Hydroxy-4’ - O-

Methylgabridin and Glepidotin A, which need to be explored in

future research. Besides inhibiting the proliferation and invasion of

colorectal cancer cells and promoting colorectal cancer cells

apoptosis, the five core effector components (quercetin,

kaempferol, licochalcone A, naringenin, and formaronetin) of

BZD can also enhance the immune function against colorectal

cancer by promoting the T cells activation and killing ability.

In the PPI network, we identified 10 key genes, namely AKT1,

MYC, CASP3, ESR1, EGFR, HIF-1A, VEGFA, JUN, INS, and

STAT3, which may be the core targets of BZD therapy for CRC.

AKT1, a proto-oncogene in the serine/threonine kinase family,

regulates tumor cell proliferation, survival, and metabolism through

inflammation and metabolism-related signaling pathways (91).

About 70% of colorectal cancers exhibit highly activated AKT,

closely associated with cancer development. Abu-Eid found that

after using AKT inhibitors, tregs were more susceptible to

inhibition, increasing the number of CD8+ T cells in tumor tissue
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and improving control of tumor lesions (92). Modified-Bu-zhong-

yi-qi decoction (mBYD) directly enhances T lymphocyte

proliferation and activation by blocking the PI3K/AKT signaling

pathway and suppressing cancer cell PD-L1 expression, ultimately

preventing gastric cancer growth (93). The MYC oncogene is part of

the gene superfamily, and its product is commonly activated in

human cancers (94, 95). The mechanisms by which MYC activation

promotes tumor progression mainly involve cell proliferation, cell

invasion, metabolic reprogramming, genomic instability,

angiogenesis, and immune evasion (96, 97). MYC can reshape the

tumor microenvironment, evading host immune responses (98).

Myc inhibitors decrease the stable state of regulatory T (Treg) cells

in tumors and the differentiation of resting treg (rTreg) to activated

Treg (aTreg), which activates CD8+T cells and induces anti-tumor

immune response (99). Cysteine Aspartic protease 3 (CASP3)

serves as the primary mediator of apoptosis in tumor cells when

exposed to cytotoxic drugs, radiotherapy, or immunotherapy,

making it a commonly employed marker for assessing the efficacy

of cancer treatment. Targeting CASP3 therapeutically increases

tumor cell sensitivity to chemotherapy and radiotherapy and
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FIGURE 14

BZD plays an anti-tumor role by significantly increasing the number of tumors infiltrating lymphocytes (TIL) in the body and promoting the activation
of T cells. (A, B, G) BZD increased the number of CD3+CD4+ T cells and CD3+CD8+ T cells in the spleen. (C, D, H) BZD reduced the number of
CD4+PD-1+ T cells and CD8+PD-1+ T cells in the spleen. (E, F, I) BZD facilitates the activation of CD4+ and CD8+ T cells within the spleen and
increases the levels of IFN-g within the body. **P < 0.01, ***P < 0.001.
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inhibits cancer cell invasion and metastasis (100). Studies have

shown that ESR1 mutations can promote tumor progression and

metastasis. During treating metastatic estrogen receptor (ER)

positive breast cancer with Aromatase inhibitors, ESR1 mutations

are a common mechanism of hormone therapy resistance (101).

Epidermal growth factor receptor (EGFR) is key for cell

proliferation, differentiation, and survival (102). EGFR is

overexpressed in 25–77% of colorectal cancer, which is related to

the poor prognosis of cancer patients (103–105). Besides directly

promoting tumor cell proliferation, EGFR can also serve as a

modulator for tumor immune monitoring, promoting the PD-L1

expression by activating the JAK/STAT3 signaling pathway,

inducing T cell apoptosis and immune escape. EGFR Tyrosine

kinase inhibitors (TKIs) can enhance the effect of MHC class I and

II antigens on IFN-g to increase CD8+T cells and DC cells levels,

eliminate FOXP3+Tregs, inhibit Macrophage polarization to M2

phenotype, and reduce the PD-L1 expression in cancer cells (106).

HIF-1a is a transcription activator that is reliant on oxygen

levels. Through various mechanisms, including angiogenesis,

cellular proliferation and survival, metabolic reprogramming,

invasion and metastasis, maintenance of cancer stem cells,

induction of genetic instability, and resistance to therapeutic

interventions, the upregulation of its downstream genes

contributes to the growth of tumors. Consequently, modulating

the downstream signaling molecule of HIF-1a presents an

opportunity to regulate the initiation and progression of tumors

(107). Hypoxia increases the PD-L1 expression and induces

apoptosis of cytotoxic T lymphocytes (CTLs), thereby promoting

the immune escape of tumor cells (108, 109). According to research

findings, the inhibitor echinocandin of HIF-1 a has been observed
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to augment the immune tolerance function of the PD-1/PD-L1

checkpoint in normal tissues. Additionally, it has been found to

enhance both the quantity and efficacy of Tumor-infiltrating

lymphocytes, thereby leading to a safer and more efficacious

approach to immunotherapy (110). VEGF-A is a highly

conserved secretory signaling protein known for its role in

vascular development and angiogenesis (111). Targeting VEGF is

a feasible strategy for preventing tumor growth and metastasis

(112). Research has indicated that VEGF-A is critical in triggering

tumor immunosuppression and boosting angiogenesis. VEGF-A

encourages immune-suppressive cell growth, prevents T-cell

infiltration of malignancies, and encourages T-cell depletion

(113). In a mouse model of colorectal cancer (CT26) targeting

VEGFR therapy, it was found that targeting VEGF-a-VEGFR can

reduce the co-expression of inhibitory receptors (PD-1, Tim-3,

CTLA-4, and Lag-3) related to T cell failure and restore the CD8+

T cells infiltration into the tumor to produce IFN- g ability (114). In
mice, Sunitinib increased the CD4+ and CD8+ T cells proportion in

Tumor-infiltrating lymphocytes (115). C-Jun is the most widely

studied protein in the activator protein-1 (AP-1) complex and

participates in many cell activities, like proliferation, apoptosis,

survival, tumorigenesis, and tissue Morphogenesis (116). As an

early stage of human colorectal cancer development, adenomas and

adenocarcinomas have significantly higher levels of c-Jun protein

expression (117). JNK1 is highly expressed in HCT116 colon and

PANC1 pancreatic cancer cells. Using licorice chalcone A or

knocking down JNK1 expression can inhibit the proliferation and

colony formation of colon cancer and pancreatic cancer cells (118).

STAT3 is a tumor-promoting oncogene shown in several tumors

and is intimately linked to inflammation and immunity (119). In
B

A

FIGURE 15

BZD significantly increased the number of Tumor-infiltrating lymphocytes (TIL) in vivo and inhibited the expression of Ki67. (A) An
immunohistochemistry assay is used to detect the CD3, CD4, CD8, and Ki67 expression levels in transplanted tumors (×200). (B) Histogram showing
the expression levels of CD3, CD4, CD8, and Ki67 in tumor tissues of the control group and BZD group. **P < 0.01, ***P < 0.001.
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the adaptive immune subgroup, elevated STAT3 activity can inhibit

the aggregation of effector T cells, thereby inhibiting their anti-

tumor effects (120–122). Targeting STAT3 may reduce tumor cell-

intrinsic proliferation, increase tumor-infiltrating immune cell anti-

tumor activity, and improve TME immune suppression (123). The

molecular docking results indicate that the central genes and core

components possess significant binding potential, indicating that

BZD could inhibit colorectal cancer progression by targeting these

key genes.

GO enrichment analysis shows that BZD treats colorectal

cancer by regulating biological processes like cell proliferation,

apoptosis, energy metabolism, and immune response. KEGG

enrichment analysis results showed that PI3K-AKT, T-cell

receptor, P53, and VEGF signaling pathway may be the potential

key pathway of BZD in treating colorectal cancer. Numerous cancer

forms hyperactivate or modify the PI3K-AKT signaling system,

which controls cellular activities like survival, proliferation, growth,

metabolism, angiogenesis, metastasis, and immune response (124,

125). PI3K activity suppression can decrease PD-L1 expression and

heightened IFN-g mediated anti-tumor effects (126). A specific

inhibitor (IPI-549) that targets PI3K-g has the potential to

remodel the immune milieu within the tumor microenvironment

(TME) and facilitate CTL-mediated tumor regression (127). The T-

cell receptor (TCR) signaling pathway is vital in promoting the

development, homeostasis, proliferation, differentiation of T cells,

and the production of cytokines, thereby eliciting a robust anti-

tumor immune response (128). The tumor cell cycle, aging,

apoptosis, metabolism, and immune response are regulated by

P53, a well-studied tumor suppressor gene (129, 130). Multiple

plant components can inhibit the progression of colorectal cancer

cells by upregulating p53 to induce G2/M phase arrest and cell

apoptosis (131–133). The VEGF-VEGFR signaling pathway is

widely recognized as the most crucial pathway for inducing

angiogenesis. Inhibition of this cascade reaction has proven to be

effective in the treatment of tumors (134). Extensive research has

demonstrated that targeting the VEGF signaling pathway increases

tumor CD8+T cell invasion and activation, boosting T cell cytokine

output (135–137).

To explore the anticancer mechanism of BZD, we first

compared the expression differences of key genes (core genes in

PPI and related genes in KEGG enrichment pathway in network

pharmacology analysis) in mouse tumor tissues between the control

and BZD group through qRT-PCR experiments. The experimental

results showed that compared with the control group, the

expression of Pik3r1, Akt1, Myc, Egfr, Hif1a, Vegfr, Jun, and

Stat3 genes in the tumor tissue of mice in the BZD group was

significantly reduced, and the Casp3 and Trp53 genes expression

was significantly increased; this is consistent with the predicted

results of network pharmacology. The results show that BZD can

suppress colorectal cancer growth by modulating the above

essential genes. Moreover, these key genes are closely related to

the tumor immune microenvironment, uniquely T cell immune

function. As a classic formula utilized in the “Fuzheng Guben”

treatment principle, the main effect of BZD is to supplement both qi
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and blood and enhance the body’s immune system. Considering

BZD’s main efficacy, qRT-PCR, and the T-cell receptor signal

pathway in KEGG enrichment analysis, we used flow cytometry

to detect T lymphocyte subsets in tumor-bearing mice’s spleens.

The results showed that compared to the control group, BZD

significantly increased the number of CD4+ and CD8+T cells in

the spleen of tumor-bearing mice, promoted T cell activation, and

increased IFN-g level. Furthermore, BZD reduced the number of

PD-1+CD4+ and PD-1+CD8+ T cells. IFN-g is the main cytokine

that enhances the host’s anti-tumor immune function and is stably

produced during CD8+ T cell differentiation into cytotoxic T

lymphocytes and memory cells in response to TCR stimulation.

Therefore, IFN-g elevated expression effectively indicates CD8+T

cell activation and anti-tumor immune response. The lower PD-

1+CD4+T cells and PD-1+CD8+T cell populations showed a

decrease in depleted T cell proportion. We performed

immunohistochemistry labeling on the tumor tissues of two

groups of mice to determine T-cell infiltration and cancer cell

growth. The results showed that compared to the control group, the

infiltration of CD3+, CD4+, and CD8+ T cells in the tumor tissue of

the BZD group increased while the Ki67 expression decreased.

Therefore, BZD can enhance the anti-colorectal cancer immune

function by increasing T cell infiltration in tumor tissue. These

immunological results are not only consistent with the tumor

volume and weight in mice, but also consistent with the potential

mechanisms of tumor inhibition by previous “Fu Zheng Gu Ben”

formula, Liu Jun Zi Decoction, and Bu Shen Hui Yang formula

(138, 139). Additionally, pathological results showed that BZD does

not cause any organ damage and is considered safe.

To our knowledge, this study is the first to explore the efficacy

and mechanism of BZD in the treatment of CRC. In this study, we

accomplished the following work: (1) The core components, key

targets, and signaling pathways of BZD in the treatment of CRC

were analyzed using network pharmacology. (2) This study

validated the good binding ability of core drug components to

key targets through molecular docking. (3) This study verified

through in vitro experiments that BZD inhibits the proliferation

and invasion of CRC cells in a time- and dose-dependent manner,

while promoting apoptosis of CRC cells. (4) This study verified

through animal experiments that BZD can significantly inhibit the

progression of CRC and has no organ toxicity. (5) Our experiments

demonstrated that BZD inhibit CRC by regulating the core targets

and signaling pathways in the tumor microenvironment. (6) BZD

promotes T cell infiltration and activation in the spleen and tumor

tissue of tumor bearing mice, inhibits PD-1 expression on the

surface of T cells, restores T cell killing ability, and enhances

immune function against colorectal cancer. However, it is

undeniable that there are still deficiencies in our experiment.

Although we have confirmed the anticancer effect of BZD on

CRC, its underlying substance basis is not yet clear. Furthermore,

the mechanism by which BZD inhibits CRC is not thorough

enough. Therefore, in future studies, we will further explore the

main active components and more detailed mechanisms of BZD in

inhibiting CRC.
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5 Conclusion

BZD treats CRC through multiple components, targets, and

metabolic pathways. Our research confirmed BZD’s anti-colorectal

cancer efficacy for the first time and studied its essential

components, core targets, and potential mechanism using

network pharmacology, molecular docking, and experiments.

BZD can reverse the abnormal expression of PI3K, AKT, MYC,

EGFR, HIF-1A, VEGFR, JUN, STAT3, CASP3, and TP53 genes in

the tumor microenvironment and inhibit the progression of

colorectal cancer by regulating the signaling pathways such as

PI3K-AKT, P53, and VEGF. In addition, BZD can promote

infiltration and activation of T cells in tumor-bearing mice,

suppress the expression of PD-1 on T cell surface, restore T cell

cytotoxicity, enhance anti-tumor immune response, and inhibit the

progression of colorectal cancer. Among them, quercetin,

kaempferol, licochalcone A, naringenin, and formaronetin are

more highly predictive components related to the T cell activation

in colorectal cancer mice. This study may offer new perspectives to

the treatment of colorectal cancer and provide new ideas for

exploring new anticancer drugs. However, the main active

ingredients and more detailed mechanisms of BZD inhibition on

CRC still need to be further explored in future studies.
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